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Claims : 

1 LA process for selectively extracting metal values from a starting material which 

2 includes one or more solubilizable metal values, the process comprising: 

3 separating and removing fluorine values from the starting material ; 

4 leaching the remaining material to solubilize metal values contained in the 

5 remaining material and generate an aqueous solution comprising said solubilized 

6 metal values ; and 

7 extracting a solubilized metal value from said aqueous solution. 

1 2. The process of claim 1 wherein the step of separating and removing fluorine 

2 values comprises: 

3 reacting the starting material with a solution of a mineral acid for a period 

4 of time, and under temperature and pressure conditions sufficient to solubilize at 

5 least a portion of tantalum and niobium from the starting material; 

6 separating and drying the undissolved material ; 

7 reacting the undissolved material with mineral acid comprising sulfuric acid 

8 for a period of time, and under temperature and pressure conditions sufficient to 

9 liberate hydrogen fluoride gas and to generate a sulfated material. 



1 3. The process of claim 2 wherein the step of leaching the undissolved material to 

2 solubilize metal values contained in the undissolved material and generate an 

3 aqueous solution comprising said solubilized metal values comprises: 



4 reacting the sulfated material with water for a period of time, and under 

5 temperature and pressure conditions sufficient to generate said aqueous solution 

6 comprising solubilized metal values; 

7 filtering said aqueous solution to separate remaining material solids from 

8 said aqueous solution. 



1 4. The process of claim 3 wherein the aqueous solution includes zirconium and 

2 uranium and the step of extracting a solubilized metal value from said aqueous 

3 solution comprises extracting zirconium and uranium metal values by a process 

4 comprising: 

5 contacting said aqueous solution with an organic medium which includes a 

6 diluent and an extractant, said diluent being immiscible with said aqueous solution 

7 thereby producing an organic phase comprising zirconium and uranium and an 

8 aqueous raffinate phase; 

9 separating said organic phase from said raffinate phase; 

10 stripping zirconium from said organic phase by contacting said organic 



t 



26 

1 1 phase with a zirconium stripping agent, the zirconium stripping forming an 

12 aqueous phase comprising zirconium and a resultant organic phase comprising 

13 uranium; and 

14 stripping uranium from said resultant organic phase by contacting said 

15 resultant organic phase with a uranium stripping agent, the uranium stripping 

16 forming an aqueous phase comprising uranium and a final organic phase 

17 comprising said diluent and said extractant. 



1 5. The process of claim 4 wherein the aqueous solution includes uranium, 

2 zirconium, thorium and scandium and the process further comprises extracting 

3 thorium and scandium metal values from said raffinate formed by said contact 

4 between said aqueous solution and said organic medium, by a process comprising: 

5 contacting said raffinate with another organic medium which includes a 

6 diluent and an extractant, said diluent being immiscible with said aqueous solution, 

7 thereby producing an organic phase comprising thorium and scandium and an 

8 another aqueous raffinate phase; 

9 separating said organic phase from said another raffinate phase; 

10 stripping thorium from said organic phase by contacting said organic phase 

1 1 with a thorium stripping agent, said thorium stripping forming an aqueous phase 

12 comprising thorium and a resultant organic phase comprising scandium; and 

13 stripping scandium from said resultant organic phase by contacting said 

14 resultant organic phase with a scandium stripping agent, said scandium stripping 

15 forming a phase comprising scandium from said resultant organic phase and an 

16 aqueous phase comprising said scandium stripping agent and a final organic 

17 phase. 



1 6. The process of claim 4 wherein said organic medium further comprises a 

2 modifier 

1 7. The process of claim 5 wherein said another organic medium further comprises 

2 a modifier. 

1 8. A process for selectively extracting zirconium, uranium, thorium and scandium 

2 metal values from a starting material which includes the metal values comprising: 

3 reacting a starting material with a solution of a mineral acid for a period of 

4 time, and under temperature and pressure conditions sufficient to solubilize 

5 tantalum and niobium into solution and thereby generate a solution comprising 

6 tantal urn and niobium , and a remaining material ; 
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7 separating and drying the remaining material ; 

8 reacting the remaining material with mineral acid for a period of time, and 

9 under temperature and pressure conditions sufficient to liberate hydrogen fluoride 

10 gas and to generate a sulfated material ; 

1 1 reacting (leaching) the sulfated material with water for a period of time, and 

12 under temperature and pressure conditions sufficient to generate an aqueous 

13 solution of the metal values; 

14 filtering said aqueous solution to separate remaining material solids from 

1 5 the aqueous solution ; 

16 contacting said aqueous solution with an organic medium which includes a 

17 diluent and an extractant, and preferably further includes a modifier, said diluent 

18 being immiscible with said aqueous solution thereby producing an organic phase 

19 comprising zirconium and uranium and an aqueous raffinate phase depleted in 

20 zirconium and uranium ; 

21 separating said organic phase from said raffinate phase; 

22 stripping zirconium from said organic phase by contacting said organic 

23 phase with a zirconium stripping agent, said stripping forming a zirconium 

24 aqueous phase comprising zirconium from said organic phase and a resultant 

25 organic phase comprising uranium, said diluent and said extractant; and 

26 stripping uranium from said resultant organic phase by contacting said 

27 resultant organic phase with a uranium stripping agent, said stripping forming a 

28 uranium aqueous phase comprising uranium from said resultant organic phase and 

29 a final organic phase comprising said diluent and said extractant. 

30 contacting said raffinate with another organic medium which includes a 

3 1 diluent and an extractant, and preferably further includes a modifier, said diluent 

32 being immiscible with said raffinate, thereby producing an organic phase 

33 comprising thorium and scandium and an another raffinate phase depleted in 

34 thorium and scandium; 

35 separating said organic phase from said raffinate phase; 

36 stripping thorium from said organic phase by contacting said organic phase 

37 with a thorium stripping agent, said stripping forming a thorium aqueous phase 

38 comprising thorium from said organic phase and another resultant organic phase 

39 comprising scandium, said diluent and said extractant; and 

40 stripping scandium from said another resultant organic phase by contacting 

41 said resultant organic phase with a scandium stripping agent, said stripping 

42 forming a scandium phase comprising scandium from said resultant organic phase, 

43 an aqueous phase comprising said scandium stripping agent and another final 

44 organic phase comprising said diluent and said extractant. 
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1 9. A process for selectively extracting zirconium, uranium, thorium and scandium 

2 metal values from a sulfated starting material which includes the metal values 

3 comprising: 

4 reacting (leaching) the starting sulfated material with water for a period of 

5 time, and under temperature and pressure conditions sufficient to generate an 

6 aqueous solution of the metal values; 

7 filtering said aqueous solution to separate remaining material solids from 

8 the aqueous solution; 

9 contacting said aqueous solution with an organic medium which includes a 

10 diluent and an extractant, and preferably further includes a modifier, said diluent 

1 1 being immiscible with said aqueous solution thereby producing an organic phase 

12 comprising zirconium and uranium and an aqueous raffinate phase depleted in 

13 zirconium and uranium ; 

14 separating said organic phase from said raffinate phase; 

15 stripping zirconium from said organic phase by contacting said organic 

16 phase with a zirconium stripping agent, said stripping forming a zirconium 

17 aqueous phase comprising zirconium from said organic phase and a resultant 

18 organic phase comprising uranium, said diluent and said extractant; and 

19 stripping uranium from said resultant organic phase by contacting said 

20 resultant organic phase with a uranium stripping agent, said stripping forming a 

21 uranium aqueous phase comprising uranium from said resultant organic phase and 

22 a final organic phase comprising said diluent and said extractant. 

23 contacting said raffinate with another organic medium which includes a 

24 diluent and an extractant, and preferably further includes a modifier, said diluent 

25 being immiscible with said raffinate, thereby producing an organic phase 

26 comprising thorium and scandium and an another raffinate phase depleted in 

27 thorium and scandium ; 

28 separating said organic phase from said raffinate phase; 

29 stripping thorium from said organic phase by contacting said organic phase 

30 with a thorium stripping agent, said stripping forming a thorium aqueous phase 

3 1 comprising thorium from said organic phase and another resultant organic phase 

32 comprising scandium, said diluent and said extractant; and 

33 stripping scandium from said another resultant organic phase by contacting 

34 said resultant organic phase with a scandium stripping agent, said stripping 

35 forming a scandium phase comprising scandium from said resultant organic phase, 

36 an aqueous phase comprising said scandium stripping agent and another final 

37 organic phase comprising said diluent and said extractant. 
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selectively extracting a solubilized metal value from said aqueous solution. 



2. (Once Amended) The process of claim 1 wherein the one or more solubilizable metal 
values include tantalum and niobium and the step 09 separating and removing fluorine values 
further comprises: 

reacting the source [starting] material with/a solution of a mineral acid for a period of 
time, and under temperature and pressure conditions sufficient* to solubilize at least a portion of 
tantalum and niobium from the source [starting] Jnaterial and create a solution comprising 
tantalum and niobium metal values and undissolved m^erial:^ ^ 




separating and drying the undissolved material; 

reacting the undissolved material witlyja ijiinepai acid comprising sulfuric acid for a 
period of time, and under temperature and pressure conditions sufficient to liberate hydrogen 
fluoride gas and to generate a sulfated material comprising the one or more other solubilizable 
metal value(s) and at least partially depleted in fluorine metal values: and 

leaching the sulf ated material to sfolubilize the one or more other metal values contained 
in the sulfated material and generate said aqueous solution comprising the solubilizable metal 
valuefs) and a solid phase at least partially depleted in the solubilizable metal valuefs). 



3. (Once amended) 
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inrfess of claim^T wherein the step of leaching the sulfated 
[undissolved] material [to spluWffi metal values contained in the ^n^so^ d material and 



generate an aqueous solutions comprising said solubilized metal values] comprises: 
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reacting the sulfated material with water foj/a period of time, and under temperature and 

pressure conditions sufficient to generate said^queous solution comprising the one or more other 

solubilized metal values; and f \b( 

filtering said aqueous solutiodb<Jmprising the one or more other solubilized metal values 

to separate remaining material solids from said aqueous solution. 

4. (Once Amended) The process of claim 3 wherein the one or more other solubilizable 
metal values in the aqueous solution include [s] zirconium and uranium metal values, and the 
process further includes [step of extracting a solubilized metal value from said aqueous solution 
comprises] extracting zirconium and uranium metal values by a process comprising: 

contacting said aqueous solution with an organic medium which includes a diluent and an 
extractant, said diluent being immiscible with said aqueous solution thereby producing an 
organic phase comprising zirconium and uranium metal values and an aqueous raffinate phase at 
least partially depleted in zirconium and uranium metal values : 

separating said organic phase from said raffinate phase; 

stripping zirconium from said organic phase by contacting said organic phase with a 
zirconium stripping agent, the zirconium stripping forming an aqueous phase comprising 
zirconium and a resultant organic phase comprising uranium; and 

stripping uranium from said resultant organic phase by contacting said resultant organic 
phase with a uranium stripping agent, the uranium stripping forming an aqueous phase 
comprising uranium and a final organic phase comprising said diluent and said extractant. 
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5. (Once amended) The process of claim 4 wherein the one or more other solubilizable 
metal values in the aqueous solution further includes uranium, zirconium, thorium and scandium 
metal values and the process further comprises extracting thorium and scandium metal values 
from said raffinate phase at least partially depleted in zirconium and uranium metal values 
formed by said contact between said aqueous solution and said organic medium, by a process 
comprising: 

contacting said raffinate phase with another organic medium which includes a diluent and 
an extractant, said diluent being immiscible with said aqueous solution, thereby producing an 
organic phase comprising thorium and scandium metal values and an another aqueous raffinate 
phase at least parti ally depleted in thorium and scandium metal values: 

separating said organic phase from said another raffinate phase; 

stripping thorium from said organic phase by contacting said organic phase with a 
thorium stripping agent, said thorium stripping forming an aqueous phase comprising thorium 
and a resultant organic phase comprising scandium; and 

stripping scandium from said resultant organic phase by contacting said resultant organic 
phase with a scandium stripping agent, said scandium stripping forming a phase comprising 
scandium from said resultant organic phase and an aqueous phase comprising said scandium 
stripping agent and a final organic phase. 



8. (Once Amended) A process for selectively extracting zirconium, uranium, thorium 
and scandium metal values from a source [starting] material comprising zirconium, uranium. 
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thorium, scandium, fluorine, tantalum and/or niobium [which includes the] metal values the 
process comprising: 

reacting the source [a starting] material with a solution of a mineral acid for a period of 
time, and under temperature and pressure conditions sufficient to solubilize tantalum and 
niobium into solution and thereby generate a solution comprising tantalum and/or niobium metal 
values , and a remaining material at least partially depleted in tantalum and/or niobium and 
comprising fluorine, zirconium, uranium, thorium and/or scandium metal values: 

separating and drying the remaining material; 

reacting the remaining material with mineral acid for a period of time, and under 
temperature and pressure conditions sufficient to liberate hydrogen fluoride gas and to generate a 
sulfated material at least partially depleted in fluorine metal values and comprising zirconium. 
uranium, thorium and/or scandium metal values; 

reacting (leaching) the sulfated material with water for a period of time, and under 
temperature and pressure conditions sufficient to generate an aqueous solution comprising 
zirconium, uranium, thorium and/or scandium [of the] metal values; 

filtering said aqueous solution comprising zirconium, uranium, thorium and/or scandium 
metal values to separate remaining material solids from the aqueous solution; 

contacting said aqueous solution comprising zirconium, uranium, thprium and/or 
scandium metal values with an organic medium which includes a diluent and an extractant [, and 
preferably further includes a modifier,] said diluent being immiscible with said aqueous solution 
thereby producing an organic phase comprising zirconium and/or uranium metal values and an 
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aqueous raffinate phase at least partially depleted in zirconium and uranium metal values and 
comprising thorium and/or scandium metal values: 

separating said organic phase comprising zirconium and/or uranium metal values from 
said raffinate phase at least partially depleted in zirconium and/or uranium metal values and 
comprising t horium and/or scandium metal values: 

stripping zirconium from said organic phase comprising zirconium and/or uranium metal 
values by contacting said organic phase with a zirconium stripping agent, said stripping forming 
a zirconium aqueous phase comprising zirconium metal values from said organic phase and at 
least partially depleted in uranium metal values and a resultant organic phase comprising 
uranium* said diluent and said extractant; and 

stripping uranium from said resultant organic phase by contacting said resultant organic 
phase with a uranium stripping agent, said stripping forming a uranium aqueous phase 
comprising uranium from said resultant organic phase and a final organic phase comprising said 
diluent and said extractant. 

contacting said raffinate phase at least partially depleted in zircojiium and/or uranium 
metal values and comprising thorium and/or scandium metal values with another organic 
medium which includes a diluent and an extractant, [and preferably further includes a modifier,] 
said diluent being immiscible with said raffinate, thereby producing an organic phase comprising 
thorium and/or scandium metal values and an another raffinate phase at least partially depleted in 
thorium and/or scandium metal values : 

separating said organic phase comprising thorium gnd/or gcandjum metal value? from 
said raffinate phase at least partia lly depleted in thorium and/or scandium metal values: 
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stripping thorium from said organic phase comprising thorium and/or scandium metal 
values by contacting said organic phase with a thorium stripping agent, said stripping forming a 
thorium aqueous phase comprising thorium metal values from said organic phase and at least 
partially depleted in scandium metal values and another resultant organic phase comprising 
scandiu m metal values , said diluent and said extractant; and 

stripping scandium metal values from said another resultant organic phase by contacting 
said resultant organic phase with a scandium stripping agent, said stripping forming a scandium 
phase comprising scandium from said resultant organic phase, an aqueous phase comprising said 
scandium stripping agent and another final organic phase comprising said diluent and said 



9. (Once Amended) A process for selectively extracting zirconium, uranium, thorium 
and scandium metal values from a sulfated starting material which includes the metal values 
comprising: 

reacting [(leaching)] the sulfated material with water for a period of time, and under 
temperature and pressure conditions sufficient to generate an aqueous solution comprising 
zirconium, uranium, thorium and/or scandium [of the] metal values; 

filtering said aqueous solution comprising zirconium, u ranium, thorium and/or scandium 
metal values to separate remaining material solids from the aqueous solution; 

contacting said aqueous solution comprising zirconium, uranium, thorium and/or 
scandium metal values with an organic medium which includes a diluent and an extractant [, and 
preferably further includes a modifier,] said diluent being immiscible with said aqueous solution 



extractant. 
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thereby producing an organic phase comprising zirconium and/or uranium metal values and an 
aqueous raffinate phase at least partially depleted in zirconium and uranium metal values and 
comprising thorium and/or scandium metal values : 

separating said organic phase comprising zirconium and/or uranium metal values from 
said raffinate phase at least partially depleted in zirconium and/or uranium metal values and 
comprising thorium and/or scandium metal values ; 

stripping zirconium from said organic phase comprising zirconium and/or uranium metal 
values by contacting said organic phase with a zirconium stripping agent, said stripping forming 
a zirconium aqueous phase comprising zirconium metal values from said organic phase and at 
least partially depleted in uranium metal values and a resultant organic phase comprising 
uranium, said diluent and said extractant; and 

stripping uranium from said resultant organic phase by contacting said resultant organic 
phase with a uranium stripping agent, said stripping forming a uranium aqueous phase 
comprising uranium from said resultant organic phase and a final organic phase comprising said 
diluent and said extractant. 

contacting said raffinate phase at least partially depleted in zirconium and/or uranium 
metal values and comprising thorium and/or scandium metal values with another organic 
medium which includes a diluent and an extractant, [and preferably further includes a modifier,] 
said diluent being immiscible with said raffinate, thereby producing an organic phase comprising 
thorium and/or scandium metal values and an another raffinate phase at least partially depleted in 
thorium and/or scandium metal values: 
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separating said organic phase comprising thorium and/or scandium metal values from 
said raffinate phase at least partially depleted in thorium and/or scandium metal values : 

stripping thorium from said organic phase comprising thorium and/or scandium metal 
values by contacting said organic phase with a thorium stripping agent, said stripping forming a 
thorium aqueous phase comprising thorium metal values from said organic phase and at least 
partially depleted in scandium metal values and another resultant organic phase comprising 
scandiu m metal values , said diluent and said extractant; and 

stripping scandium metal values from said another resultant organic phase by contacting 
said resultant organic phase with a scandium stripping agent, said stripping forming a scandium 
phase comprising scandium from said resultant organic phase, an aqueous phase comprising said 
scandium stripping agent and another final organic phase comprising said diluent and said 
extractant. 



In addition please add the following new claims 10-15. 



10. (New) A process for selectively extracting a scandium metal value from a source 
material which includes solubilizable scandium metal values, the process comprising: 

leaching the source material to solubilize j&andium metal values contained in the source 
material and generate an aqueous solution QoiffmrisW^aid solubilized scandium metal values 
and a solid phase at least partially depleted in scandium; and 

selectively extracting a scandium metal value from said aqueous solution. 
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comprises 



11. (New) The process of claim 10 wherein the source material 
fluorine, tantalum and/or niobium and the process further comprises: 

reacting the source material with a solution of a mineral acid fof a period of time, and 
under temperature and pressure conditions sufficient, to solubilize ax least a portion of tantalum 
and niobium from the starting material and create a solution comprising tantalum and niobium 
metal values and a solids residue comprising fluorine and scapfaium metal values, and at least 
partially depleted in tantalum and niobium metal values; 

separating and drying the solids residue 

reacting the solids residue with a mineral acid Comprising sulfuric acid for a period of 
time, and under temperature and pressure condition^ sufficient, to liberate hydrogen fluoride gas 
and to generate a sulfated material comprising scandium metal values and at least partially 
depleted in fluorine metal values; and 

leaching the sulfated matenallt© solubilize scandium metal values contained in the 
sulfated material and generate safthWeoifs solution comprising scandium metal values and a 
solid phase at least partially denoted in scandium. 



12. (New) The process of claim 1 1 wherein the step of leaching the sulfated material 
comprises: 

reacting the sulfate(J/material with water for a period of time, and under temperature and 
pressure conditions sufficient to generate said aqueous solution comprising solubilized scandium 
metal values; and 
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filtering said aqueous solution comprising solubilized scandiup metal values to separate 
remaining material solids from said aqueous solution. 

13. (New) The process of claim 12 wherein the step of Selectively extracting a scandium 
metal value from said aqueous solution comprising solubilized scandium metal values comprises: 

contacting said aqueous solution comprising solubilized scandium metal values with an 
organic medium which includes a diluent and an extractant/ said diluent being immiscible with 
said aqueous solution, thereby producing an organic pha^e comprising scandium metal values 
and an aqueous raffinate phase at least partially deplete^ in scandium metal values; 
separating said organic phase from said raffinate phase; 
stripping scandium from said organic phase ;by contacting said organic phase with a 
scandium stripping agent, said scandium stripping forming a phase comprising scandium from 
said resultant organic phase and an aq^ous$>ha/e comprising said scandium stripping agent and 
a final organic phase. 



14. (New) A process for selectively extracting scandium metal values from a source 

/ 

material comprising scandium, fluorine, tantalum and/or niobium metal values the process 
comprising: 

reacting the source material with a solution of a mineral acid for a period of time, and 
under temperature and pressure Conditions sufficient to solubilize tantalum and niobium into 
solution and thereby generate/a solution comprising tantalum and/or niobium metal values, and a 
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remaining material at least partially depleted in tantalum and/or niobium and comprising fluorine 
and/or scandium metal values; 

separating and drying the remaining material; 

reacting the remaining material with mineral acid for a Period of time, and under 
temperature and pressure conditions sufficient to liberate hydrogen fluoride gas and to generate a 
sulfated material at least partially depleted in fluorine met^i values and comprising scandium 
metal values; 

reacting the sulfated material with water for a nferiod of time, and under temperature and 
pressure conditions sufficient to generate an aqueous solution scandium metal values; 

filtering said aqueous solution comprisingfscandium metal values to separate remaining 
material solids from the aqueous solution; 

contacting said aqueous solution comprising solubilized scandium metal values with an 
organic medium which includes a diluent and an extractant, said diluent being immiscible with 
said aqueous solution, thereby proljy^i^an organic phase comprising scandium metal values 
and an aqueous raffinate phase atfeast Martially depleted in scandium metal values; 

separating said organic phas^comprising scandium metal values from said raffinate 
phase at least partially depleted imscandium metal values; 

stripping scandium metal values from said organic phase by contacting said resultant 
organic phase with a scandiupi stripping agent, said stripping forming a scandium phase 
comprising scandium meM values from said organic phase, an aqueous phase comprising said 
scandium stripping agent and a final organic phase comprising said diluent and said extractant. 
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15. (New) A process for selectively extracting scandium metal Rallies from a sulfated 
starting material which includes the metal values comprising: 

reacting the sulfated material with water for a period of timfe, and under temperature and 
pressure conditions sufficient to generate an aqueous solution comprising scandium metal values; 

filtering said aqueous solution comprising scandium gftetal values to separate remaining 
material solids from the aqueous solution; 

contacting said aqueous solution comprising solujSilized scandium metal values with an 
organic medium which includes a diluent and an extraetant, said diluent being immiscible with 
said aqueous solution, thereby producing an organi/phase comprising scandium metal values 
and an aqueous raffinate phase at least partially depleted in scandium metal values; 

separating said organic phase comprising scandium metal values from said raffinate 



phase at least partially depleted scandu 
stripping scandium metal values 



Ital values; 

fomt said organic phase by contacting said resultant 
organic phase with a scandium strippirffe agent, said stripping forming a scandium phase 
comprising scandium metal values warn, said organic phase, an aqueous phase comprising said 
scandium stripping agent and a fiiral organic phase comprising said diluent and said extractant. 



The following remarks are submitted in response to the Office Action mailed May 28, 

1997. 



